ABSTRACT Low-metallicity active galactic nuclei (AGNs) are interesting to study the early phase of the AGN evolution. However most AGNs are chemically matured and accordingly low-metallicity AGNs are extremely rare. One approach to search for low-metallicity AGNs systematically is utilizing the so-called BPT diagram that consists of the [O iii]λ5007/Hβλ4861 and [N ii]λ6584/Hαλ6563 flux ratios. Specifically, photoionization models predict that low-metallicity AGNs show a high [O iii]λ5007/Hβλ4861 ratio and a relatively low [N ii]λ6584/Hαλ6563 ratio, that corresponds to the location between the sequence of star-forming galaxies and that of usual AGNs on the BPT diagram (hereafter "the BPT valley"). However, other populations of galaxies such as star-forming galaxies and AGNs with a high electron density or a high ionization parameter could be also located in the BPT valley, not only low-metallicity AGNs. In this paper, we examine whether most of emission-line galaxies at the BPT valley are low-metallicity AGNs or not. We select 70 BPT-valley objects from 212,866 emission line galaxies obtained by the Sloan Digital Sky Survey. Among the 70 BPT-valley objects, 43 objects show firm evidence of the AGN activity; i.e., the He iiλ4686 emission and/or weak but significant broad Hα emission. Our analysis shows that those 43 BPT-valley AGNs are not characterized by a very high gas density nor ionization parameter, inferring that at least 43 among 70 BPT-valley objects (i.e., > 60%) are low-metallicity AGNs. This suggests that the BPT diagram is an efficient tool to search for low-metallicity AGNs.
INTRODUCTION
The active galactic nucleus (AGN) is one of the most luminous class of objects in the Universe, whose huge radiative energy is released through the mass accretion onto the supermassive black hole (SMBH). The mass of SMBHs (M BH ) is tightly correlated with the mass or the stellar velocity dispersion of their host galaxies (e.g., Magorrian et al. 1998; Marconi & Hunt 2003; Kormendy & Ho 2013; Reines & Volonteri 2015) , implying that SMBHs and galaxies have evolved with closely interacting in each other (the so-called co-evolution of SMBHs and galaxies). However, the physics behind the co-evolution is still unclear. To understand the total picture of the co-evolution, examining the scaling relations for AGNs in the early phase of the co-evolution is an interesting approach since different theoretical models predict different redshift dependences of scaling relations (e.g., Kawakatu et al. 2003; Lamastra et al. 2010) . One simple strategy to explore the early phase of the co-evolution is measuring the scaling relations at high redshifts, where the typical age of AGNs is much younger than low-redshift AGNs. Many attempts have been made for measuring the scaling relations for highredshift AGNs (e.g., Schramm et al. 2008; Wang et al. 2010; Carniani et al. 2013) , and a higher M BH with respect to the mass or velocity dispersion of host galaxies has been sometimes reported (e.g., Wang et al. 2010 ). On the other hand, there are some reports claiming that such a possible evolution in the scaling relation is a result of observational bias through the sample selection (e.g., Schulze & Wisotzki 2011) . Measuring the properties of AGN host galaxies at high redshift is generally very challenging, that prevents us from assessing the scaling relations at high redshifts.
Another possible approach to study the early phase of the co-evolution is focusing on young AGNs at low redshifts, where detailed observations are much easier than high redshifts. In this context, low-metallicity (i.e., chemically young) AGNs in the low-redshift Universe are particularly interesting. However, the typical metallicity of AGNs inferred for broad-line regions (BLRs) and narrow-line regions (NLRs) is high (Z 2Z ⊙ ; e.g., Nagao et al. 2006b; Matsuoka et al. 2009 ) and lowmetallicity AGNs are very rare (e.g., Izotov & Thuan 2008) . Groves et al. (2006) proposed a method to search for AGNs with a low-metallicity NLR, that utilizes an optical emission-line diagnostic diagram which consists of the flux ratios of [N ii]λ6584/Hαλ6563 and [O iii]λ5007/Hβλ4861. This diagnostic diagram was originally investigated for classifying emission-line galaxies into star-forming galaxies and Seyfert 2 galaxies (BPT diagram, Baldwin et al. 1981) . Kewley et al. (2001, hereafter Ke01) established the "maximum" starburst line in the BPT diagram by combining stellar population synthesis models and photoionization models. On the other hand, Kauffmann et al. (2003b, hereafter Ka03) derived empirical classification criteria for star-forming galaxies while Kewley et al. (2006, hereafter Ke06) derived empirical classification criteria for low-ionization nuclear emission-line regions (LINERs; Heckman 1980), using emission-line data taken from the database of Sloan Digital Sky Survey (SDSS; York et al. 2000) . Groves et al. (2006) pointed out that AGNs with a low-metallicity NLRs (i.e., characterized by the solar or sub-solar metallicity) should have a flux ratio of [O iii] λ5007/Hβλ4861 as high as usual AGNs (∼ 10 0.5 − 10 1 ) but have an intermediate flux ratio of [N ii]λ6584/Hαλ6563 between usual AGNs and low-mass (i.e., low-metallicity) star-forming galaxies (∼ 10 −1 − 10 −0.5 ). This is because the nitrogen relative abundance is in proportion to the metallicity due to its nature as a secondary element (e.g., van Zee et al. 1998 ). In the BPT diagram, there are only few objects located at the region characterized by a high flux ratio of [O iii]λ5007/Hβλ4861 and an intermediate flux ratio of [N ii]λ6584/Hαλ6563 (hereafter "BPT valley"; see Figure 3 ). Groves et al. (2006) specifically focused on AGNs with a low-mass host galaxy (i.e., M host < 10 10 M ⊙ ), and then they selected low-metallicity AGNs using another diagnostic diagram that consists of [N ii] 
λ6584/[O ii]λ3727 and [O iii]λ5007/[
O ii]λ3727 flux ratios. However, it is not clear whether low-metallicity AGNs should be always found in a sample of AGNs with a low-mass host galaxy. Also, the method adopted by Groves et al. (2006) requires a wide wavelength coverage (λ rest ∼ 3700 − 6600Å), that is not convenient for future applications to expand the search of low-metallicity AGNs toward the high-redshift Universe.
Therefore, we focus on BPT-valley selection (requiring a moderately narrow wavelength coverage; λ rest ∼ 4800 − 6600Å) to select low-metallicity AGNs without any host-mass cut. However, there is a potentially serious problem in the BPT-valley selection for identifying low-metallicity AGNs. That is, not only low-metallicity AGNs are located in the BPT valley. As Kewley et al. (2013) showed, star-forming galaxies with a very hard radiation field or high-density H ii regions are expected to be seen in the BPT valley (see also, e.g., Shirazi et al. 2014) . Also, star-forming galaxies with a high ionization parameter (e.g., Steidel et al. 2014; Hayashi et al. 2015) , a high nitrogen-to-oxygen abundance ratio (N/O; e.g., Masters et al. 2014; Shapley et al. 2015; Yabe et al. 2015; Kojima et al. 2016) , or shocks (e.g., Newman et al. 2014) are also expected to be seen in the BPT valley. Not only star-forming galaxies, AGNs with a high electron density or high ionization parameter (i.e., not characterized by a low metallicity) could be also seen in the BPT valley (e.g., Nagao et al. 2001a) . Therefore, it is not completely clear whether the BPT-valley objects are really low-metallicity AGNs and whether the BPT diagram is a useful tool to search for low-metallicity AGNs. This problem prevents us from selecting chemically-young AGNs observationally.
In this paper, we investigate the optical spectra of BPT-valley objects for examining whether most of emission-line galaxies at the BPT valley are really lowmetallicity AGNs or not. Through this examination, it will be tested whether the optical BPT diagram is an efficient and appropriate method to search for lowmetallicity AGNs. In Section 2, we present our selection procedure of the BPT-valley sample. In Section 3, we show how we identify BPT-valley AGNs to avoid contaminating star-forming galaxies at the BPT valley. In Section 4, we investigate gas properties of the selected BPT-valley AGNs such as electron density and ionization parameter, for examining whether the BPT-valley AGNs are characterized by a low metallicity or not. In Section 5, we disccus physical properties of the BPTvalley AGNs. Section 6 describes the summary of this work.
2. SAMPLE In order to select the BPT-valley objects, we use MaxPlanck-Institute for Astrophysics (MPA)-Johns Hopkins University (JHU) SDSS Data Release 7 (Abazajian et al. 2009 ) galaxy catalog 1 . The MPA-JHU DR7 catalog of spectral measurements contains various spectral properties such as emission-line fluxes and their errors, based on the analysis for 927,552 objects without showing dominant broad Balmer lines (i.e., star-forming galaxies, composite galaxies, LINERs, and type-2 Seyfert galaxies) in the SDSS DR7. Our sample selection is based on the following procedure (the flow chart of our sample selection process is shown in Figure 1 ).
First, we select the initial sample according to the following criteria. We require the reliable redshift measurement (i.e., z warning = 0) and also z > 0.02. This redshift limit is required to cover [O ii]λ3727. This results in 906,761 galaxies. Then we require a signal-tonoise ratio (S/N) > 3 for some key emission lines, i.e., Hβλ4861
and [S ii]λλ6717, 31 (212,866 galaxies).
Next, we classify these 212,866 galaxies and extract the BPT-valley sample according to the following steps.
1. Using the Ka03 empirical line,
for removing usual star-forming galaxies (56,217 galaxies).
2. Using the Ke01 maximum starburst line,
for removing so-called composite galaxies (22,865 galaxies).
3. Using the Ke06 empirical criterion,
for obtaining Seyfert sample by removing LINERs (14,253 galaxies).
4. Adopting the following criterion,
for finally selecting the BPT-valley sample (71 galaxies).
Note that 1 object in the 71 BPT-valley objects was observed twice and duplicated in the final sample, i.e., the final BPT-valley sample consists of 70 objects. The BPT-valley criterion (Equation 4) is determined empirically, by taking account of the frequency distribution of the [N ii]λ6584/Hαλ6563 flux ratio of Seyfert galaxies. Figure 2 shows the [N ii]λ6584/Hαλ6563 frequency distribution of Seyfert galaxies, where the average and standard deviation of the logarithmic [N ii]λ6584/Hαλ6563 flux ratio are −0.058 and 0.145, respectively. Accordingly, the 3 σ bounding from the average value is −0.493, and therefore we adopt the threshold to categorize BPTvalley objects as described by Equation 4. Figure 3 shows the finally selected 70 BPT-valley objects in the BPT diagram that consists of [N ii]λ6584/Hαλ6563 versus [O iii]λ5007/Hβλ4861. Table 1 shows the basic properties of the selected BPT-valley objects.
3. SELECTION OF SECURE-AGN SAMPLE As described in Section 1, the BPT-valley sample potentially includes star-forming galaxies with special gas properties, not only AGNs. Thus we first select objects showing secure evidence of the AGN from the BPT-valley sample. Specifically, we regard objects showing at least one of the following two features in their SDSS spectra as secure AGNs; (1) a broad Hαλ6563 emission, and (2) a He iiλ4686 emission line. Details of the selection procedure of secure AGNs are given below.
Broad Hαλ6563 emission line
The velocity profile of recombination lines is a powerful tool to examine the presence of AGNs, since star-forming galaxies never show a velocity width wider than ∼1000 km s −1 in full-width at half maximum (FWHM). Generally the optical spectra of type-1 AGNs show broad permitted lines whose velocity width is 2000 km s −1 emitted from BLRs. The origin of recombination lines with FWHM ∼ 1000 − 2000 km s −1 is not very clear, since such lines may arise at BLRs in so-called narrowline Seyfert 1 galaxies (NLS1s; e.g., Osterbrock & Pogge 1985) or at NLRs in type-2 AGNs with a relatively large velocity width (such as NGC 1068 and NGC 1275; see, e.g., Heckman et al. 1984; Crenshaw & Kraemer 2000) . However, in either case, the detection of recombination lines with FWHM > 1000 km s −1 strongly suggests the presence of AGNs. Therefore we search for the broad Hαλ6563 component in the optical spectrum of the BPTvalley objects. Here we do not search for the broad component of the Hβλ4861 emission, since it is intrinsically fainter than that of the Hαλ6563 emission and it is sometimes affected significantly by the Fe ii multiplet emission (e.g., Vanden Berk et al. 2001) .
We use an IRAF routine specfit (Kriss 1994) to find the broad Hαλ6563 component. Specifically, we fit the SDSS optical spectrum of the BPT-valley objects in the range of λ rest = 6200 − 6800Å with and without the (Mendoza 1983) , and the flux ratios among the remaining emission lines are kept to be free. Then, we add a broad component for the Hαλ6563 emission to the nobroad fit, where the flux, wavelength center and width of this additional component are kept to be free (hereafter "broad fitting"). Here we recognize that the additional broad component significantly improves the fit by the The
showing the BPT-valley sample (red square) among the SDSS DR7 emission-line objects. The green solid line is the Ke01 extreme starburst criterion, while the red solid line denotes the criterion for separating star-forming galaxies and composite galaxies (Ka03). The violet solid line is the BPT valley criterion which is defined in this paper. The numbers of various galaxy populations are shown in the parenthesis in the lower-left box.
following criterion:
whereχ 2 nobroad andχ 2 broad are the reduced chi-square of the nobroad fitting and broad fitting, respectively. Note that the threshold, 0.4, is determined empirically, so that the result becomes consistent with the visual inspection. As a result, 13 BPT-valley objects with a broad component are identified from the 70 BPT-valley objects. Figures 4 and 5 show the SDSS spectrum with the best-fit result for the BPT-valley objects with a broad Hαλ6563 component. Figure 6 shows an example of objects (ID = 48) whose fitting result does not satisfy the criterion defined by Equation 5 (for this case, the improvement of the fit is slightly less than the threshold, 0.32). Note that we regard object ID = 8 as an object with a broad Hα component, though the FWHM of the broad Hα component is less than 1000 km s −1 (Figure 7 ). This is because this object shows [Fe vii]λ6087 and [Fe x]λ6374 lines, that are seen only when the AGN presents. Note that such high-ionization forbidden emission lines are preferentially seen in type-1 AGNs (e.g., Murayama & Taniguchi 1998; Nagao et al. 2000) . Note that the [Fe vii]λ6087 line is seen in 8 objects while [Fe x]λ6374 line is seen in 3 objects (including ID = 8, note that 2 objects in addition to ID = 8 show both [Fe vii]λ6087 and [Fe x]λ6374). The spectral properties of the BPT-valley objects with a broad Hαλ6583 component are summarized in Table 2 . Only 1 BPT-valley object (ID = 25) shows the broad Hβ component among the 13 BPT-valley objects showing a broad Hα component (see Figure 4) .
He iiλ4686 emission line
The presence of a He iiλ4686 emission line indicates the existence of the hard ionizing radiation since the ionization potential for He + is 54.4 eV. This hard radiation is naturally produced by AGNs. Therefore, the He iiλ4686 emission line is a good indicator of AGNs. We examine whether the SDSS optical spectrum of the BPT-valley objects show the He iiλ4686 line by the visual inspection, since the He iiλ4686 information is not given in the MPA-JHU database. As a result, 38 BPT-valley objects with the He ii emission line are identified from the 70 BPT-valley objects. Some of the SDSS spectra of BPT-valley objects with the He ii detection are shown in Figures 4, while those without the He ii detection are shown in Figure 5 .
Classification result of the BPT-valley sample
The results of the classification of the BPT-valley objects are summarized in Table 3 . Among the 70 BPTvalley objects, 8 objects show both broad Hα component and He ii emission line, that are now confirmed to be AGNs. There are 5 objects showing the broad Hα component but without He ii emission line, that are also regarded as AGNs. The non-detection of the He ii line is likely due to insufficient signal-to-noise ratio, since the He ii line is very weak. In addition, 30 objects show the He ii line but without broad Hα component, that are thought to be typical type-2 AGNs. Here we should mention that the stellar absorption lines (mainly Hα) are not considered in our fitting procedure. Though the stellar Hα absorption line could impact the narrow component of the Hα emission, the absorption effect is negligible for examining the presence of the broad Hα component. This is because the equivalent width of the detected broad Hα component is higher than 20Å (the median value of EW rest (Hα) b is 44.74Å, Table 2 ) while the typical equivalent width of the stellar Hα absorption is ∼ 2−3Å in nearby galaxies (e.g., Ho et al. 1997) . Note that the detected He ii line is not caused by Wolf-Rayet stars, because the typical velocity width of the detected He ii line is not broad ( 1000 km s −1 ). Therefore, at least 43 among the BPT-valley objects are regarded as AGNs. There may be some additional AGNs in the remaining 27 objects, possibly owing to insufficient S/N to detect any AGN indicators in their spectra. Instead, some of those 27 objects could be non-AGNs, i.e., starforming galaxies with a relatively high N/O ratio or fast shocks. We do not discuss further about those 27 objects since the main interests of this work are on the BPT-valley AGN sample. Accordingly, we conclude that at least 43 objects of the BPT-valley sample (or ∼ 60%, but probably more) are confirmed to be AGNs. As described in Section 3.1, at least one of the [Fe vii]λ6087 and [Fe x]λ6374 lines are seen in 9 BPTvalley objects. Interestingly, a large fraction of objects showing both the broad Hα component and He ii emission show such high-ionization iron lines (5 among 8 objects). On the other hand, objects showing neither the broad Hα component nor He ii emission never shows those high-ionization iron lines. Then, a few objects in the remaining two classes show high-ionization iron lines (4 among 35 objects). This may infer that our classification is well tracing the presence of the AGN, but the absence of high-ionization iron lines could be simply due to a low S/N ratio of the spectra. Figure 8 shows how various populations of galaxies classified in this work are populated in the BPT diagram. There are no significant segregation except for two BPT-valley objects whose [N ii]λ6584/Hαλ6563 flux ratio is very low, < 0.1. Both of these two galaxies show no broad Hα component nor He ii line, which is consistent with the idea that these two objects are not lowmetallicity AGNs but somewhat extreme low-metallicity galaxies, characterized probably by a very high ionization parameter and/or very hard ionization radiation.
SELECTION OF LOW-METALLICITY AGNS
The 43 BPT-valley objects confirmed to be AGNs are not necessarily low-metallicity AGNs, because AGNs with a very high electron density or very high ionization parameter are also expected to be populated in the BPT valley as mentioned in Section 1. More specifically, the [N ii]λ6584 emission in AGNs with a density higher than the critical density of the [N ii]λ6584 transition (∼8.7 ×10 4 cm −3 ) is significantly suppressed due to the collisional de-excitation effect. On the other hand, a very high ionization parameter results in a higher relative ionic abundance of N 2+ (i.e., a lower relative ionic abundance of N + ), that results in a weaker [N ii]λ6584 emission. Therefore, in this section, we examine whether the 43 BPT-valley AGNs are characterized by a very high electron density or very high ionization parameter or not, and test whether the AGNs in the BPT-valley are characterized by low-metallicity gas or not.
Electron density
The emission-line flux ratios of [S ii]λ6717/λ6731 and [O ii]λ3729/λ3726 are famous good indicators of the electron density (e.g., Osterbrock 1989) . In this work, we use the [S ii]λ6717/λ6731 line ratio to estimate electron density, because the wavelength separation of the [O ii] doublet is too small to be well resolved with the SDSS spectral resolution. We use an IRAF routine temden for deriving the electron density from the [S ii]λ6717/λ6731 ratio, by assuming the electron temperature of 10,000 K. Here we derive the electron density whose [S ii]λ6717/λ6731 ratio is within the range of 0.5-1.4. No BPT-valley objects show the [S ii]λ6717/λ6731 ratio lower than 0.5 (i.e., the highdensity limit) while 11 among the 70 BPT-valley objects show the flux ratio higher than 1.4 (i.e., the low-density limit). Among 14,252 Seyfert sample, only 12 objects show the [S ii]λ6716/λ6731 ratio lower than 0.5 while 2,880 objects show the flux ratio higher than 1.4. Figure 9 shows the frequency distribution of the inferred gas density for objects whose [S ii]λ6717/λ6731 ratio is within the range of 0.5-1.4; i.e., 41 BPT-valley AGNs (showing a broad Hα component and/or He ii emission), 59 BPT-valley objects (including objects without any AGN signatures), and 11,360 Seyfert galaxies. Here we show the histograms for both BPT-valley AGNs and BPT-valley objects, because some of BPT-valley objects without any AGN signatures could be also AGNs (see Section 3.3). The median density of the BPT-valley AGNs, BPT-valley objects, and Seyfert galaxies are 210 cm −3 , 210 cm −3 , and 270 cm −3 , respectively. In order to investigate whether the frequency distribution of the gas density is statistically different among the samples, we apply the Kolmogorov-Smirnov (K-S) statistical test with a null hypothesis that the frequency distribution of the gas density of two classes of objects comes from the same underlying population. The derived K-S probability for the BPT-valley AGNs and Seyferts is 0.207, while that for the BPT-valley objects and Seyferts is 0.146. These results strongly suggest that the BPT-valley sample is not characterized by the higher gas density with respect to the Seyfert sample.
Ionization parameter
The ionization palameter is the ratio of the number density of hydrogen-ionizing photons to that of Hydrogen atoms. In order to investigate the ionization parameter, the [O iii]λ5007/[O ii]λ3727 flux ratio is a useful indicator because this ratio does not suffer significantly from chemical properties of the gas in both AGNs and star-forming galaxies (see, e.g., Komossa & Schulz 1997; Nagao et al. 2002; Nakajima & Ouchi 2014) . Note that this flux ratio is sensitive also to the gas density if the density is higher than the critical density of [O ii] (∼10 3.5 cm −3 ), but the typical density of NLRs inferred from the [S ii] doublet ratio is much lower than that as described in Section 4.1. Though the dust reddening is not corrected to study the BPT diagram due to the small wavelength separation of emission-line pairs used for the BPT diagram (Section 2), we should correct for the reddening effect to investigate the [O iii]λ5007/[O ii]λ3727 flux ratio. For this correction, we assume R V = A V /E(B−V ) = 3.1 and the intrinsic flux ratio of Hαλ6584/Hβλ4861 = 3.1, and adopt the reddening curve of Cardelli et al. (1989) . Figure 4 , but for objects ID = 8, whose FWHM of broad Hα component is less than 1500 km s −1 (see Table 2 ). High-ionization forbidden emission lines of [Fe vii]λ6087 and [Fe x]λ6374 are clearly detected. Note that fitting range is from 6200 to 6800Å in the restframe. Continuum fitting is extrapolated below 6200Å. Seyfert sample. Note that it is well known that lowmetallicity galaxies are generally characterized by a relatively high ionization parameter, at least for star-forming galaxies (e.g., Nagao et al. 2006a) . It may be interesting that the BPT-valley objects show a clear edge at the lower side of the Figure 10 . However, probably this feature is not statistically significant, because the number of BPT-valley objects is not enough to discuss the tail of the frequency distribution of the
In the next subsection, we will examine whether or not this difference in the ionization parameter can be responsible for the lower [N ii]λ6584/Hαλ6563 ratio observed in the BPT-valley samples with respect to the Seyfert sample.
Model calculations
As shown in Section 4.2, the ionization parameter of the BPT valley sample is higher than that of the Seyfert sample. Since it is interesting to examine either the BPTvalley AGNs are characterized by a low metallicity or a high ionization parameter, we perform photoionization model calculations.
We perform photoionization model calculations for simulating the NLR of AGNs, using the code CLOUDY version 13.03 (Ferland et al. 1998) . Here the main parameters for CLOUDY calculations are as follows (see Nagao et al. 2001a , for more details):
1. The hydrogen density of the cloud (n H ).
The ionization parameter (U ).
3. The chemical composition of the gas.
4. The shape of the input SED.
We calculate photoionization models covering the following ranges of parameters: 10 1 cm −3 ≤ n H ≤ 10 6 cm −3 and 10 −4 ≤ U ≤ 10 −1 . We set the gasphase elemental abundance ratios to be the solar ones. The adopted solar abundances relative to hydrogen are taken from Grevesse & Anders (1989) with extensions by Grevesse & Noels (1993) . The adopted metallicity (i.e., the solar one) is not typical for usual Seyfert galaxies (whose NLR metallicity is generally higher than the solar metallicity), possibly nor BPT-valley AGNs (that could have sub-solar metallicity). However, as described below, it is useful to fix the metallicity to examine whether the ionization parameter alone can account for the difference in the emission-line flux ratios between BPT-valley objects and Seyferts. For the input SED, we adopt the following one:
as a typical spectrum of AGNs (see Ferland 1996) . kT IR is the infrared cutoff of the big-blue bump, and we adopt kT IR = 0.01 ryd (see Ferland 1996) . α UV is the slope of the low-energy side of the big-blue bump. We adopt α UV = 0.5, which is typical for AGNs (Ferland 1996) . α ox is the UV-to-X-ray spectral slope, which determines the parameter a in equation (6). We adopt α ox = −1.35, which is the average value of nearby Seyfert 1 galaxies (see Walter & Fink 1993) . α x is the X-ray slope, and we adopt α x = −0.85 (see Nagao et al. 2001a) . T BB is the characterizing the shape of the big-blue bump, and we adopt 490,000 K (see Nagao et al. 2001a ). The calculations end at the depth where the temperature falls to 3,000 K, below which gas does not contribute significantly to the flux of optical emission lines. Figure 11 shows the results of the photoionization model calculations, overlaid on the BPT diagram. Though the density effect is not significant in the range of 10 1 cm −3 < n H < 10 5 cm −3 , we can see the effect of the collisional de-excitation at n H > 10 4 cm −3 . However, this figure suggests that the difference in the [N ii]λ6584/Hαλ6583 flux ratio is more easily explained by the difference in the ionization parameter rather than by the difference in the gas density. More specifically, a higher ionization parameter by 0.5-1 dex in the BPTvalley objects with respect to the Seyfert sample is required to explain the lower [N ii]λ6584/Hαλ6583 flux ratio of the BPT-valley objects.
For examining whether the BPT-valley objects have a higher ionization parameter than the Seyfert sample, we investigate another diagnostic diagram that consists of the emission-line flux ratios of (Figure 12 ). This diagram is useful to examine the effect of ionization parameter without suffering from the metallicity effect, because only oxygen lines are used and thus less sensitive to the metallicity. Figure 12 shows that the BPT-valley sample and Seyfert sample have a similar gas density, that is consistent with our analysis presented in Section 4.1. More interestingly, Figure 12 shows that the BPT-valley sample shows a systematically higher ionization parameter than the Seyfert sample, but the inferred difference in the ionization parameters is only less than 0.5 dex. This strongly suggests that the lower [N ii]λ6584/Hαλ6563 flux ratio in the BPT-valley sample with respect to the Seyfert sample is not explained by the ionization parameter (nor the gas density, as described in Section 4.1). Therefore we conclude that the BPT-valley AGNs are characterized by a systematlcally lower metallicity than the Seyfert sample, as originally proposed by Groves et al. (2006) . As mentioned Section 1, low-metallicity AGNs are interesting to study the early phase of the AGN evolution. However low-metallicity AGNs are very rare, so that little has been reported on physical property of lowmetallicity AGNs. In this section, we present some basic properties of BPT-valley objects which are expected to be low-metallicity AGNs.
Stellar mass
Naively it is expected that the stellar mass of lowmetallicity AGNs is expected to be relatively low, as suggested by the mass-metallicity relation seen in starforming galaxies (e.g., Tremonti et al. 2004; Lee et al. 2006) . Accordingly Groves et al. (2006) introduced a mass criterion (i.e., M * < 10 10 M ⊙ ) to select lowmetallicity AGNs. However, it is not clarified whether low-metallicity AGNs should be always found in a sample of AGNs with a low-mass host galaxy. Therefore, in this paper, we select low-metallicity AGNs without stellar-mass cut and investigate the mass distribution of host galaxies of low-metallicity AGNs. Here the stellar mass has been measured and given in the MPA-JHU DR7 catalog (see also Kauffmann et al. 2003a) . Among the 43 BPT-valley AGNs and 70 BPT-valley objects, the host mass is available for 39 and 64 objects, respectively. Figure 13 shows the histogram of the stellar mass of the 39 BPT-valley AGNs, 64 BPT-valley objects and 13,662 Seyferts. The median of the stellar mass of the BPT-valley AGNs, BPT-valley objects and Seyferts are 10 10.15 M ⊙ , 10 10.07 M ⊙ and 10 10.77 M ⊙ , respectively. This result clearly shows that the stellar mass of the BPT-valley AGNs is systematically lower than that of Seyferts. However, interestingly, a substantial fraction of the BPT-valley AGN (23 among 39 objects) are actually hosted by galaxies with M * > 10 10 M ⊙ , suggesting that low-metallicity AGNs are not necessarily hosted by lowmass galaxies. Note that such low-metallicity AGNs with a relatively massive host galaxy cannot be selected by the criteria of Groves et al. (2006) due to the mass criterion of M * < 10 10 M ⊙ . Such low-metallicity AGNs hosted by a relatively massive host galaxy may be realized by taking into account of the inflow of low-metallicity gas from the surrounding environment (e.g., Husemann et al. 2011) . This difference infers that generally the gas temperature of the NLR in BPT-velley objects tends to be so high that the [O iii] λ4363 line is detected in most cases, while the typical gas temperature of the NLR in Seyferts may be lower than that in BPT-valley objects and only highly biased objects with a relatively high temperature in the Seyfert sample show the [O iii]λ4363 line. This result is consistent to our expectation that the BPT-valley objects is actually characterized by a relatively high gas temperature, due to the low gas metallicity. 6. CONCLUSIONS In this paper, we focus on low-metallicity AGNs (Z NLR 1 Z ⊙ ) which are very rare but important since they are in the early phase of the galaxy-SMBH co-evolution. Specifically, in this work it is examined whether the BPTvalley selection is an effective and reliable way to identify low-metallicity AGNs, as proposed by Groves et al. (2006) . The main results are as follows:
• We select 70 BPT valley sample which expected low metallicity AGN from 14,253 Seyfert galaxies of MPA-JHU SDSS DR7 galaxy catalog.
• Out of 70 BPT-valley objects, 43 objects show clear evidence of the AGN based on the detection of the broad Hα component and/or He iiλ4686 emission.
• The typical gas density of the BPT-valley sample (∼210 cm −3 ) is not higher than that of the Seyfert sample (∼270 cm −3 ), suggesting that the lower [N ii]λ6584/Hαλ6563 ratio in the BPT-valley AGNs with respect to the Seyfert sample is not caused by the collisional de-excitation effect.
• The higher [O iii]λ5007/[O ii]λ3727 ratio in the BPT-valley sample (∼4.5) with respect to that in the Seyfert sample (∼2.9) suggests a typically higher ionization parameter of the BPT-valley sample; however, photoionization models suggest that the inferred difference in the ionization parameter between the BPT-valley sample and Seyfert sample is not enough to explain the observed lower [N ii]λ6584/Hαλ6563 ratio of the BPT-valley sample.
